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(57) Abstract 

The present invention relates 
to a method for coding a signal 
which describes a colour picture as 
a function of three tristimulus val- 
ues (X, Y, Z), to produce a signal 
which describes the colour picture 
as a function of n independent dis- 
play primaries (R, G, B, DI, .... Dn- 
3), with n > 3. In this method, 
for each colour to be represented, 
drive signals for the display pri- 
maries (R. G, B, Dl, Dn-3) are 
calculated via a comparison of the 
location of that colour with respect 
to a straight line (GR, D2R, ...) in 
the chromaticity diagram. A num- 
ber of the drive signals are mutu- 
ally exclusive, e.g. G, R and D2 
excluding the other signals. The in- 
vention also relates to a display sys- 
tem comprising n display primaries, 
where n > 3. 
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Wide gamut display driver 

The present invention is in the field of driving 
a display system comprising four or more primary colours 

5 (also referred to as primaries) , based on a signal from 
a d i~sp lay generator " c omprTs ing" ~ a smaller number of" 
primaries. Thus a wider gamut is obtained for the colour 
representation on such a display system. 

Classic cathode-ray tube technology allows us to 

0 reproduce colours on a display system with the aid of 
three primary colours, usually red (R) , green (G) and 
blue (B) . The maximum colour gamut of such a display 
system is defined by a triangle which is spanned in a 
CIE chromaticity diagram by the location of the colour 

5 coordinates of its three cathode ray tube phosphors R, G 
and B. This colour gamut, however, is always quite 
considerably smaller than the total visible colour 
space, and many colours occurring in nature can 
therefore not be represented on a classic display 

0 system. These colours are referred to as "out-of-gamut w 
colours . 

This limited colour representation by means of a 
classic colour display system is one of the problems 
which, inter alia, only permits partial sof tproof ing, 

5 i.e. the representation on a display system of what is 
to be printed. The aim, after all, is for the picture 
visible on the display system to correspond as closely 
as possible to the printed picture. 

Other fields where a wider gamut is of interest 

D for a display system are all those applications where 
the aim is to obtain as natural as possible a represen- 
tation of an original as, for example, in the case of 
digital cinema, digital photography, printing systems 
for textiles etc. 

3 These . issues will become even more critical in 

future as a result of the increasing popularity of the 
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wide gamut colours such as, for example, the so-called 
HIFI® colours. These employ colorants which are able to 
generate very highly saturated colours. These colours 
are always outside the colour gamut of a classic display 
5 system, and pictures with such a colour will 
consequently be represented ver Y poorly on such a 
system. 

Choosing a type of phosphor other than red, 
green or blue as the third primary colour for a classic 

10 display system permits some improvement of the colour 
representation in a particular region of the colour 
spectrum, but has the drawback that the colour 
representation in another region will become poorer. In 
fact, the result of this method is that the colour 

15 triangle, which represents the colour gamut of the 
display system, is simply shifted in the . CIE 
chromaticity diagram. 

Classic cathode-ray tubes comprising more than 
three primary colours might be able to provide a 

20 solution, but because of the low efficiency of an 
additional phosphor, as well as the more difficult 
deflection problems (four beams have to converge) this 
approach is not really feasible. 

Existing application software mostly works with 

25 three primary colours, certainly as far as the display 
section is concerned. For high-end page layout systems, 
there are a number of solutions which are able to 
perform a separation in terms of four (CMYK, i.e. cyan, 
magenta, yellow and black) or more primaries as regards 

30 printing, for example as described in EP-A-0 586 139. 
With these systems the multidimensional conversions are 
very slow, and use has to be made of special hardware so 
as to considerably accelerate the algorithms. Such 
methods are not suitable for driving a display system 

35 comprising four or more primary colours, since they are 
too slow to allow the user to see an immediate result. 

The international patent application WO 95/10106 
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describes a method for decoding a signal which describes 
a video picture as a function of a number of independent 
system primaries to produce a signal which describes the 
same video picture as a function of more independent 
display primaries. 

A first step in the method described there 
consists in tfie vaf lou^^xsplay primaries being - selected"" 
in such a way that an improved colour gamut is obtained. 
Then, the signals entering the display need to be 
converted into signals for driving each of the selected 
display primaries. This is tantamount to solving a 
system with more unknowns than equations, which 
generally provides an infinite number of possible 
solutions for depicting a particular colour within the 
new gamut. So as to generate a unique set of drive 
voltages in accordance with the incoming signals, 
somewhat arbitrary additional conditions are imposed. 

To this end, the colour polygon which specifies 
the colour gamut of the display comprising a plurality 
of primaries is split into overlapping and non- 
overlapping triangles which are formed by groups of 
three primaries at a time. 

The use of non-overlapping triangles may cause 
problems if the implementation of the arithmetic units 
has not been carried out with sufficient accuracy. Noise 
may then cause rapid jumping between adjoining 
triangles . 

To prevent this it is possible, according to 
said patent application, to employ overlapping 
triangles. Hysteresis is relied upon to ensure that 
jumping between different triangles (i.e. the driving of 
display primaries different from the original one, even 
if that is not strictly necessary) is prevented as far 
as possible. 

The received video signal is converted, via 
matrix computations which are carried out in matrix 
units, into drive signals for each of the primaries 
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which form a triangle, this being done for each of the 
triangles which make up the system. A logical unit is 
linked to each matrix unit and examines the output 
signals of each of them and selects a particular set 
5 which contains only positive drive signals. These drive 
signals are then used to drive the display primaries. 

The matrix computations described in the above 
invention are very complex. 

The present invention relates to a method for 
10 coding a signal which describes a picture as a function 
of three tristimulus values (X, Y , Z) , or some other 
representation associated therewith, to produce a signal 
which describes the same picture as a function of four 
or more independent display primaries. The use of more 
15 than three display primaries has the advantage that a 
wider colour gamut is possible. 

The present invention also relates to the coding 
device for applying the method for coding a signal as 
described hereinabove . 

2 0 The coding device comprises calculating means 

for calculating drive signals for the display primaries 
thereby using a comparison of the location of each 
colour to be represented with respect to a straight line 
in the chromaticity diagram, each colour to be 

25 represented being given as a function of three 
tristimulus values. The calculating means deliver the 
drive signals, a number of which are mutually exclusive. 

The coding device furthermore comprises k 
channels for transmitting the picture as a function of 

30 the n display primaries to a display system. 

Application software for creating or manipu- 
lating graphic images usually stores a CIELab picture or 
a picture which can be converted into a CIELab picture 
in the memory of the computer and then converts this 

3 5 into three RGB display primaries which are stored on a 

display generator. This RGB picture is applied to the 
inputs of a display system which converts this picture 
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into drive signals for its three primary colours R, G 
and B . 

According to the invention, for example, a 
CIELab picture (or a picture described in some other 
S CIE- recognized colour space which is in a normal and 
standardized relationship to the CIE (X, Y, Z) base 
sysrem) i~s cionvert"ed""into f "our "or" more~"d"i"s~pl ay priniar' i es 
which are then coded on a number of channels so as to be 
transmitted to the display system. The invention 
10 comprises both the method for moving from three to n 
display primaries, and the method for coding the n 
display primaries on the various channels which possibly 
exist already. 

The present invention also comprises both a 
15 coding device for moving from three to n display 
primaries, including means for coding the n display 
primaries on the various channels which possibly exist 
already, as well as a display system for decoding and 
representing the different colours by use of more than 
20 three display primaries. 

Hereinafter, the calculations, by way of 
example, are based on a CIELab signal. Conversions of 
signals based on a different colour space are carried 
out analogously. 
25 The formulae below give, in a simplified manner, 

the relationship between the CIELab signal of a colour 
and the tristimulus value (X, Y, Z) of that same colour: 




(1) , 



6 = 200* I — I - 



where (AT,, Y m% Zj represent the tristimulus values of the 
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reference white. 

Conversion of a CIELab signal to the correspon- 
ding tristimulus values (X, Y, Z) then takes place by 
the system (1) being converted to: 



Y = 



X = X 



z = z„ 



l, 500 J (r.) 



(2) 



f-Y-f— ) 

\y.) Uooj 



On the basis of the tristimulus values (X, Y, Z) 
it is then necessary to calculate the drive value which 
is required for driving each of the primary colours.. ...In. 

10 the case of the wide gamut display system according to 
the invention, the tristimulus values (X, Y, Z) 
therefore have to be split up over more than three 
primary components. Call these R, G, B, Dl , . .., Ds, 
where Dl, . .., Ds are the supplementary display 

15 primaries . 

The solution to this problem is not simple, 
since we have an overdimensioned system which therefore 
allows an infinite number of solutions. In other words: 
infinitely many different combinations of R, G, B and 

20 Dl, Ds are possible which will all result in one 

and the same CIELab colour. 

We therefore impose additional conditions which 
allow one particular R, G, B, Dl, Ds combination to 

be chosen which will result in a well-defined CIELab 

2 5 colour. 

For the conversion of the tristimulus values (X, 
Y, Z) to R, G, B, Dl , . .., Ds we first devise a 
mathematical model which represents the colour rendition 
in a wide gamut display system. 
30 The relationship between the tristimulus values 
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(X, Y, 
green, 
follows 



Z) and the luminances Y„ Y c Y B Y Di ... Y 0 . of the red, 
blue and supplementary display primaries is as 
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(3) , 



where (x„ y„ z,) are the display chromaticit ies of the red 
display primary, U„ y„ z t ) are the display chromatid ties 
of the green primary, (x>, y kt zj are the display chromati- 
cities of the blue primary and (x„, y dlt z„) , (jc„, y« t z*) 

.0 are the display chromat icities of the supplementary 
display primaries. 

We impose the additional requirement that a 
number of the display primaries be mutually exclusive in 
sets of two, in other words that they will never be 

5 driven simultaneously. Two display primaries are 
mutually exclusive if the line segment connecting these 
two display primaries in the CIE chromaticity diagram is 
intersected by a line segment which connects two 
mutually non-exclusive display primaries. 

0 The method according to the invention is charac- 

terized in that, for each colour to be represented, 
drive signals for the display primaries are calculated 
via a comparison of the location of that colour to be 
represented with respect to a straight line in the 

5 chromaticity diagram, and in that a number of said drive 
signals are mutually exclusive. 

Thus, for each pixel (L„ a it b t ) we obtain drive 
signals for the display primaries. An advantage of 
working with mutually exclusive signals is that the 

0 existing systems comprising three channels for trans- 
mitting signals to the display primaries can be 
retained, even for the systems according to the inven- 
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tion which have more than three display primaries. 

Preferably, the number of channels for trans- 



signals is smaller than the number of display primaries, 
different signals have to be multiplexed . " ThTs can ~be~ 
done in various ways . 

If analog signals are being used, the process of 

10 mutually exclusive signals being combined into one 
signal can be carried out by multiplexing in the 
amplitude domain, on at least one channel. This is 
preferably done as evenly as possible. In the optimum 
case, the minimum number of display primaries coded per 

15 channel is given by [n/k] (= integer division) , n being 
the number of display primaries and k being the total 
number of channels available for transmitting signals to 
the display system. The number of channels which carry 
one more signal than the minimum number is then given by 

2 0 (n mod k) (= remainder on division by k) . 

Therefore the coding device according to the 
present invention comprises furthermore at least one 
multiplexer for combining in the amplitude domain 
mutually exclusive signals for driving different display 
25 primaries. 

The process of mutually exclusive analog signals 
being combined into one signal can be carried out by 
introducing drive thresholds, specifically one drive 
threshold fewer on each channel than the number of 

3 0 signals to be combined on that channel. Thus the total 

resulting signal is split into different components. 
This is done by splitting means comprised in the coding 
device. The various mutually exclusive signals which are 
combined on the same channel are then each allocated to 
35 a components of the total resulting signal by the 
allocating means. 



mitting signals does not exceed the number of display 



primaries . 



5 



If the number of channels for transmitting 



If drive signals for two display primaries are 
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to be combined on one channel, a drive threshold is 
preferentially set to 50% of the reference white. Thus, 
if the total signal is, for example, 700 mV (normally 
100% of the reference white) , the drive threshold is set 
5 to 350 mV. 

According to another preferred embodiment, a 
ehresfi Q rd — £-3-- -g-- t --to~"7"5"%~" of the reference ~white7~ IT 
signals for two display primaries are to be coded on one 
channel. Thus, if the total signal is, for example, 
0 700 mV, the drive threshold is set to 525 mV. 

This uneven distribution of the channel over the 
colours to be transmitted is introduced because experi- 
ments show that less resolution is required with respect 
to certain colours, since the Mac Adam ellipses expand 
5 in that direction. Thus, the resolution can be maximized 
for each colour by experimenting with the location of 
the drive threshold. 

According to yet another preferred embodiment of 
the invention, signals which are combined on the same 
0 channel are alternately combined in inverted and non- 
inverted form. The result of this is that either the 
maxima or the minima of two drive signals will converge 
at a drive threshold, abrupt colour transitions being 
avoided at points where minima coincide. Therefore the 
5 coding device comprises inverting means. 

For digital signals, too, the process of 
mutually exclusive signals being combined into one 
signal can be carried out by multiplexing in the 
amplitude domain, by digital coding, in that case the 
) multiplexer of the coding device is a digital 
multiplexer. It is realistic for a physical 
implementation of the wide gamut display to be digitally 
linked to the display generator. Standards are already 
being produced today for this purpose, such as 
National's LVDS . In this case too, it will still be 
useful to multiplex the drive signals for a plurality of 
display primaries, given the limited available signal 
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bandwidth. An optionally additional bit can be reserved 
digitally for identifying one of the mutually exclusive 
signals. The coding device then comprises identification 
means for identifying the mutually exclusive signals by 
5 identifying codes, which are multiplexed into the drive 
signal . 

Yet another option for combining the drive 
signals is that of multiplexing the various primaries in 
the time domain. Each picture may then consist of two or 

10 more rasters which are generated at double or higher 
picture repetition rate. According to a preferred 
embodiment, three channels and at most six display 
primaries are used. Each picture consists of two rasters 
which are generated at double picture repetition rate. A 

15 first raster then generates the drive signals for three 
mutually non-exclusive display primaries,. a second 
raster generating drive signals for the three other 
display primaries. This embodiment is compatible with 
the current stereo cards which alternately transmit the 

20 left-hand and the right-hand image, subject to software 
changes at the driver level. Using r raster and k 
channels, at most k.r display primaries can be driven. 

In order to be able to combine in the time 
domain the mutually exclusive signals for driving 

25 different display primaries, the coding device comprises 
at least one multiplexer. 

This multiplexer or these multiplexers may be 
driven by control signals having a frequency which is 
higher than the picture repetition rate. 

30 Alternatively the multiplexer or multiplexers 

may be driven by successive vertical syncs. 

An advantage of multiplexing in the time domain 
is that there is no loss of resolution and that colori- 
metrically uninteresting transmissions are avoided. 

3 5 According to a preferred embodiment, the method 

of the invention is implemented by the following steps: 
a) From the n display primaries (n > 3), three are 
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b) 

10 
15 

c) 

20 

d) 



25 



30 e) 



chosen, referred to as principal primaries; the 
remaining (n-3) display primaries are referred to as 
the auxiliary primaries. Preferably (but not 
necessarily) the choice of the main and auxiliary 
primaries is carried out in such a way that the 
locations of the auxiliary primaries are distributed 
"as"' "evenly as" possible between the principal 
primaries . 

The straight lines which pass through two of the 
principal primaries at a time are defined as 
principal straight lines; a principal straight line 
is associated with an auxiliary primary if said 
auxiliary primary and the intersection of the two 
other principal straight lines are each situated on 
different sides of the principal straight line 
associated with the auxiliary primary. 

The coordinates of the point to be represented, 
expressed as a function of the three tristimulus 
values (X, Y, Z) , are converted into coordinates {x h 
y.) in the CIE chromatid ty diagram. 

The position of the point (x it y t ) to be represented in 
the chromaticity diagram is compared with the 
position of an as yet unconsidered auxiliary primary 
with respect to the principal straight line which is 
associated with said auxiliary primary. This is done 
by substituting the coordinates of the point (jc„ y,) to 
be represented and that of the auxiliary primary 
into the equation of the principal straight line 
under cons idera t ion . 

If the two compared points are situated on different 
sides of the principal straight line under 
consideration (in other words, if the substitution 
of the coordinates of the two points into the 
equation of the straight line according to step d) 
gave results of different sign) , and if the 
auxiliary primary was not the (n-3)th with which the 
comparison was being performed, the procedure 
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returns to step d) . 
f) If the two compared points are situated on different 
sides of the principal straight line under 
consideration (in other words, if the substitution 
of the coordinates of the two points into the 
equation of the straight line according to step d) 



gave results of different sign) , and if the 
auxiliary primary under consideration was the 
(n-3)th. with which the comparison was being 
10 performed, the point ix h y.) to be represented is 

represented by the three principal primaries, and 
the procedure then moves to step j ) . 

g) If the point U.-, y.) to be represented is located on 
the principal straight line (in other words, if the 

15 substitution of the coordinates of the point 

(jr., >\) to be represented into the equation of the 
straight line in step d) gave zero as a result), the 
point (x, y#) to be represented is represented by the 
three principal primaries, and the procedure then 

2 0 moves to step j). 

h) If the auxiliary primary under consideration and the 
point (x it y.) to be represented are both located on the 
same side of the principal straight line under 
consideration (in other words, if the substitution 

25 of the coordinates of the two points into the 

equation of the straight line according to step d) 
gave results of identical sign) , and if only one 
auxiliary primary is associated with the principal 
straight line, the point y<) to be represented is 

30 represented by the auxiliary primary and the two 

principal primaries which define the principal 
straight line under consideration, and the procedure 
then moves to step j ) . 

i) If the auxiliary primary under consideration and the 
35 point (X.y.) to be represented are both located on the 

same side of the principal straight line under 
consideration (in other words, if the substitution 
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of the coordinates of the two points into the 
equation of the straight line according to step d) 
gave results of identical sign) , and if a plurality 
of auxiliary primaries are associated with the 
5 principal straight line under consideration, the two 

principal primaries which define the principal 

st~ra"i~ght~ r rrn"e — and — the — various — auxiliary — primarres- 

which are associated with said principal straight 
line, are regarded as a subsystem. The two primaries 
10 which were principal primaries in the higher-level 

system, are still principal primaries in the 
subsystem, and from the various auxiliary primaries 
a new, third principal primary is chosen. A new n is 
introduced, being the number of primaries which form 
15 part of this subsystem, whereupon step b) is again 

applied to the primaries of this subsystem, 
j) If <n - k) > 0, n being the number of display 
primaries and k being the number of channels, 
mutually exclusive signals are multiplexed, if 
2 0 necessary, in the amplitude or in the time domain. 

Therefore the calculating means of the coding 
device comprises conversion means, selection means and 
drive-calculating means. 

The conversion means converts the coordinates of 
25 each color point in function of the three tristimulus 
values (X, Y, Z) into coordinates (x, y s ) in the 
chroma t ici ty diagram. 

The selection means selects for each point (x it y.) 
in the chromaticity diagram the display primaries which 
30 will represent the colour point. Said selection is 
carried out by comparison of the location of the colour 
point in the chromaticity diagram with respect to a 
straight line in said chromaticity diagram. Said 
comparison is either used to calculate on-the-fly the 
35 drive signals for the display primaries, or to fill a 
LUT containing for each colour point the display 
primaries which need be driven for representing said 
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colour. 

The drive-calculating means calculates the drive 
signals for each display primary. Said drive-calculating 
means receives as input both the coordinates U., y s ) of the 
5 colour point in the chromaticity diagram and the output 
of the selection means. 

Step "al of t he~meE hod - may be" preceded" by the 
mapping of the "out -of -gamut " colours onto the edge of 
the colour polygon, the convex polygon which, in the CIE 
10 chromaticity diagram, is formed by the location of the 
display primaries. This can be done using techniques 
known from the literature. 

Therefore the coding device comprises mapping 

means . 

15 After the various signals have been multiplexed, 

they can be transmitted to a display system via the k 
different channels, where they are split so as to drive 
each of the separate display primaries. Said splitting 
can be effected by means of a simple threshold circuit, 

20 if multiplexing took place in the amplitude domain, or 
by time demultiplexing if multiplexing took place in the 
time domain. 

The present invention also relates to a display 
system comprising four or more primaries, which is 
25 suitable for receiving signals which are combined on one 
channel. Such a display system is equipped, inter alia, 
with an input circuit, one or more splitter circuits and 
a screen. 

The input circuit is suitable for receiving the 
30 input signals which have been coded in the form of 
combined signals for driving n display primaries. 

The task of the splitter circuits is to split 
those combined input signals into their components, thus 
forming n drive signals for driving the n different 
35 display primaries. The number of splitter circuits 
present in a display system according to the invention 
is defined by the number of channels on which different 
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drive signals for display primaries are combined. 

Preferably, the splitter circuits are analog or 
digital threshold circuits (depending on whether the 
drive signals are analog or digital), which split the 
5 combined signals into their components by clipping the 
combined signals to the drive threshold. 

On" t he screen ~~ "a - picture "is~r epres en ted" wi"t h~~t he 
aid of the n primary colours. 

The present invention also relates to a display 
10 system comprising four or more primaries, which is 
suitable for receiving signals which are time- 
multiplexed. Such a display system is equipped, inter 
alia, with an input circuit, a demultiplexing system and 
a screen. 

15 The input circuit is suitable for receiving the 

time-multiplexed input signals for driving n display 
primaries . 

The demultiplexing system converts these time- 
multiplexed signals into signals for driving each of the 
20 n different display primaries . 

On the screen, the picture is represented with 
the aid of the n primary colours. 

Both display systems according to the invention 
produce a wide gamut colour display which can be driven 
25 from a classic display generator (for example a graphics 
card) comprising three primary channels. 

Such a wide gamut display system according to 
the invention, both the one suitable for receiving 
signals which are multiplexed in the amplitude domain 
30 and the one suitable for receiving signals multiplexed 
in the time domain, can readily be switched to a 
standard colour display via a wide gamut colour switch 
on said display system, which optionally switches off 
the drive threshold automatically. When the drive 
3 5 threshold has been switched off, pixels can then only be 
represented with the aid of the three principal 
primaries of the system. Thus, very simple compatibility 
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with existing display systems can be achieved. 

The present invention will be explained in more 
detail with reference to the figures, in which 

Figure 1 represents a CIE diagram which depicts 
5 the maximum colour gamut of a display system comprising 
three primary colours, as found in the p rior art, 

Figure 2 represents a CIE diagram which depicts 
the colour gamut of a display system comprising four 
primary colours, according to the invention, 
10 Figure 3 is a representation of how signals can 

be coded on a channel: Figure 3a shows how a signal can 
be located on a channel, Figure 3b shows two signals 
which are combined on the same channel as a result of a 
drive threshold being introduced, and Figure 3c shows 
15 two signals which are combined on the same channel as a 
result, of a drive threshold being introduced, but with 
one of the signals being inverted, 

Figure 4 is a representation of a preferred 
embodiment of the method which is used in the present 
20 invention, in the case of five display primaries being 
used, 

Figure 5 is a representation of a preferred 
embodiment of the method which is used in the present 
invention, in the case of six display primaries being 
25 used, 

Figure 6 is a representation of a preferred 
embodiment of the method which is used in the present 
invention, in the case of eight display primaries being 
used, 

30 Figure 7 is a representation of how three 

signals can be coded on one channel: Figure 7a shows how 
the non- inverted signals are located on a channel, 
Figure 7b shows how signals which are alternately 
inverted and non-inverted, can be located on one 

3 5 channel, 

Figure 8 shows an embodiment comprising both a 
coding device and a display system, with three channels 
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and four display primaries, applying combination of 
drive signals on one channel in the amplitude domain, 

Figure 9 shows part of a coding device and part 
of a display system, with four channels and five display 
5 primaries, applying combination of drive signals in the 
time domain, 

Figure 10 represents part of a coding device, 
comprising two multiplexers for combining mutually 
exclusive signals on a channel, and 
10 Figure 11 shows a calculating means of a coding 

device in more detail. 



Figure 1 represents a CIE chromaticity diagram. 
This is a two-dimensional representation of the x and y 

15 colour coordinates, at the origin of the Y-axis, Y being 
the luminance^ function. The. complete visible spectrum, 
comprising wavelengths from 3 60 nm to 83 0 nm, is 
represented in this diagram as a horseshoe- shaped curve 
1. This encloses an interior 2 which represents all the 

20 possible colours composed from a spectrum of spectral 
colours . 

If two fundamental colours are chosen 
arbitrarily within the horseshoe-shaped curve 1, it is 
possible, by additive mixing of these two fundamental 

25 colours, to reach any point on the line segment which, 
in the CIE diagram, links the two points representing 
the fundamental colours chosen. If three fundamental 
colours are chosen, any point within the triangle 
spanned by the representation of those three fundamental 

3 0 colours in the CIE chromaticity diagram for Y = 0 can be 
reached. For other values of the luminance function, the 
area representing the colour gamut in the CIE 
chromaticity diagram is often smaller. 

A classic display system comprising three 

35 primary colours red (R) , green (G) and blue (B) conse- 
quently is able to reproduce only those colours which 
are located within the colour triangle RGB spanned by 
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the representation of the three primary colours R, G and 
B in the CIE chromat icity diagram. 

Similarly, a colour display comprising four 
display primaries R, G , B and D (see Figure 2) is able 
5 to reproduce those colours (and only those colours) 
which are located within the convex colour polygon, 
RGDB7 ~ • " 

There now follows a detailed discussion, by way 
of example, of a number of special cases: 

10 

Case n = 4, k = 3 (Figure 2) 

The situation is that, starting from a system 
comprising three tristimulus values (X, Y, Z) , we move 
15 to a system comprising four display primaries (R, G, D, 
B) . The coded signals are transmitted via three 
channels . 

[n/k] = [4/3] = 1, i.e. each of the three 
channels, in the course of coding, carries signals for 
20 at least one display primary. 

(n mod k) = (4 mod 3) = 1, i.e. one of the three 
channels, in the course of coding, carries signals for 
two display primaries . 

In the CIE chromaticity diagram, the location of 
2 5 the four display primaries R, G, B and D can be found. 
The colour gamut of a display system comprising these 
four display primaries R, G, B and D is given by all the 
points within the convex quadrangle BRGD. 

From the tristimulus values (X, Y h Zi) of a well- 
30 defined point to be represented we calculate the 
normalized coordinates : 





*' ) 


u 








u 





By way of example, we will now consider, in the 



WO 97/42770 




PCT/BE97/00057 



- 19 - 



CIE diagram of Figure 2, the points {x<>, y 0 ) , U„ y t ) , (x 2t y 3 ) 
and (x u y } ) to be represented. 

If the point (x>, y<>) to be represented is "out-of- 
gamut" (i.e. outside the quadrangle described by the 
5 display primaries R, G, B and D) , it can be mapped, by 
means of techniques known from the literature, onto the 
edge d"f: said quadrangle before the procedure is 
continued. It then ends up, for example, at the point (x Jf 
y t ) t to which the normal method of the invention can be 

10 applied, as will be described hereinafter. Said mapping 
is not a necessary condition for the application of the 
method according to the invention, but it will certainly 
produce a more accurate final result. 

As the principal primaries we choose the display 

15 primaries R, G and B, and as the auxiliary primary the 
display primary D. The principal straight line 
associated with the auxiliary primary D is the straight 
line GB through the principal primaries G and B. After 
all, the auxiliary primary D and the intersection R of 

2 0 the principal straight lines RG and BR each lie on 
different sides of the principal straight line GB. 

We will now determine which of the display 
primaries R, G, B and D should be driven so as to 
display on the display system the various points {x„ y,) , 

25 (x, t y 2 ) and (jc„ y,) to be represented. 

The location of the point (x 2l y>) to be 
represented is compared with the location of the 
auxiliary primary D, this being done with respect to the 
principal straight line GB which is associated with the 

30 auxiliary primary D. 

The comparison of the location of a point (x, y 4 ) 
to be represented with the location of the auxiliary 
primary D is carried out by the coordinates of the point 
U„ y>) to be represented and the coordinates of the 

35 auxiliary primary D being substituted into the equation 
of the principal straight line GB: 
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y = y b + 

y"=y„+\ 





-y„ 
















As a result of the sign of y' and the sign of y* 
b"eing compared wiT5h~"6ne~~ another, the XocaftTion <5f the~~ 
5 point (x it y s ) to be represented is being compared with the 
location of the auxiliary primary D with respect to the 
principal straight line GB which is associated with the 

auxiliary primary D. 

y y" * 0 Y R = 0 

If , n we postulate „ 

yy < o y D =o 

10 This means that we have imposed a fourth condi- 

tion on our system. 

The auxiliary primary and the point {x 2 , y 3 ) to be 
represented are situated on the same side of the 
principal straight line GB (y' y" > 0) and the point U„ y 2 ) 

15 to be represented is therefore coded with the aid of the 
display primaries G, B and D. Drive signals for the 
point U„ y.) to be represented are likewise determined in 
this way. 

Had we not previously mapped the point (x 0 , y a ) 

2 0 onto the edge of the quadrangle, both points, on 

comparison of the location of (x 0 , y 0 ) with display primary 
D with respect to the principal straight line GB, would 
have been found to be situated on the same side. 
Consequently, the point U„ y*) to be represented will 
25 ^ likewise be coded with the aid of the display primaries 
G, D and B. However, calculation of the drive signals 
produces negative values for G. These are processed by 
means of techniques known from the literature. If 
required, the signal can be clipped to 0. 

3 0 The auxiliary primary D and the point U,, y,) to 

be represented are each situated on different sides of 
the principal straight line GB (/ y" < 0) , and D is the 
last (i.e. only) auxiliary primary required for 
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comparison, and the point {x i9 y 3 ) to be represented is 
therefore coded with the aid of the display primaries G, 
B and R. 

The drive signals for the representation of the 
5 points Uo, y 0 ) , (x„ y t ) , U„ y 7 ) and U, ( y>) are uniquely 
defined . 

Since Y D and Y* are not being driven simulta- 
neously, we therefore obtain, depending on the location 
of the point {x it y t ) : 

10 
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Display primaries R and D are mutually exclusive 
15 (they are never being driven simultaneously) and are 
combined into one signal. This means that the channel 
which transmits the signal for the primary R to the 
display system will also transmit the signal for the 
primary D. 

2 0 This is preferably done by splitting the channel 

into two parts by introducing a drive threshold. If the 
total range of the channel is from 0 to (see 
Figure 3a) , one signal will normally be coded thereonto, 
so that the minimum value of that signal corresponds to 

25 the 0 and the maximum value for that signal corresponds 
to V^. If a drive threshold TH1 is now introduced (see 
Figure 3b) , the signal from 0 to TH1 can for example be 
allocated to the signal for minimum driving of R to 



WO 97/42770 




PCT/BE97/00057 



- 22 - 

maximum driving of R, whereas the signal from THl to 

is allocated to the signal for minimum driving of D to 

maximum driving of D. 

One of the two signals, however, may alter- 
5 natively be controlled inversely, for example the signal 

for dr iving display prima ry R ( see Figure 3 c )_ . In that 

case the signal from 0 to THl is allocated to the signal 
for maximum driving of R to minimum driving of R, 
whereas the signal from THl to is allocated to the 

10 signal for minimum driving of D to maximum driving of D. 
This has the advantage that the signal transitions for 
driving colours, which are situated around the principal 
straight line GB, are less large, since minimum driving 
of R and minimum driving of D correspond to colours 

15 which are located next to one another in the colour 
plane. 

At first sight, application of the method 
according to the invention has the drawback that the 
resolution for red drops by half, since drive signals 
2 0 for display primary R and for display primary D are 
coded on the same channel. Since, however, we are 
increasing the colour gamut of the display system by 
introducing a fourth display primary, more colours are 
present, as it were, with the same digital resolution. 
2 5 The locations of these colours are distributed over a 
larger colour quadrangle. Among the 16 million colours 
which we were previously able to generate with the aid 
of the three display primaries, there were only a few 
million which we were able to distinguish. In perceptual 
30 terms, the locations of the colours are now distributed 
somewhat more effectively. 

The method as applied hereinabove acts on the 
R-D signal. Alternatively, we could choose, for example 
the display primaries R, D and B as the principal 
35 primaries and the display primary G as the auxiliary 
primary. With this method, the display primaries B and G 
are mutually exclusive, so that their drive signals are 
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combined on one channel. This has the advantage that the 
direction of the B-G axis is much closer to that of the 
Mac Adam ellipses than that of the R-D axis, so that 
optimum use can be made of the available resolution. The 
5 drawback of this monitor is that it is less easily 
switched over into a classic monitor, since switching 
off the auxiliary ^infary" G re suits""" in a system with 
three display primaries R, D and B, which is not the 
classic set up. 

10 

Case n = 4, k = 4 

The situation is that, starting from a system 

comprising three tristimulus values (X, Y, Z) , we move 
15 to a system comprising four display primaries. The coded 

signals are transmitted via four channels. 

[n/k] = [4/4] = 1, i.e. each of the four 

channels, in the course of coding, carries signals for 

at least one display primary. 
2 0 (n mod k) = (4 mod 4) = 0, i.e. none of the four 

channels, in the course of coding, carries signals for 

more than one display primary. 

k-3 = 4- 3 = l, i.e. one auxiliary primary is 

coded on a separate channel. 
25 Determining which display primaries should be 

driven in order to display the point (jc„ y.) co be 

represented on the display system is carried out in 

exactly the same manner as in the previous case (n = 4, 

k = 3). Now, however, each of the drive signals for the 
30 display primaries R, G, B and D is transmitted via a 

separate channel, even though (for example) R and D are 

mutually exclusive . 

Case n = 5, k = 3 (Figure 4) 

35 

Starting from a system comprising three 
tristimulus values (X, Y, z) , we move to a system 
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comprising five display primaries. The coded signals are 
transmitted via three channels. 

[n/k] = [5/3] = 1, i.e. each channel, in the 
process of coding, carries at least one signal for one 
5 display primary. 

(n mod k) = {5 mod 3) = 2, i.e. two of the three 
channels carry two display primaries each. 

There are five display primaries R, G, B, Dl and 
D2, which, in a CIE chromaticity diagram, are located in 
10 accordance with the vertices of a convex pentangle. The 
colour gamut of a display system comprising these five 
display primaries R, G, B, Dl and D2 is given by all the 
points which are located within the convex pentangle 
RD1GD2B. 

15 From these display primaries, three principal 

primaries R, G and B are chosen, preferably in such a 
way that the locations of the two (= n-3) remaining 
display primaries Dl and D2 are distributed as evenly as 
possible between the principal primaries chosen, i.e. 

20 not more than one auxiliary primary is situated between 
two principal primaries. For example, choose Dl between 
R and G, and D2 between G and B. 

The straight lines RG, GB and ER are the 
straight lines formed by the principal primaries R, G 

25 and B. These are referred to as principal straight 
lines . 

The principal straight line RG is associated 
with auxiliary primary Dl , and the straight line GB is 
associated with auxiliary primary D2 . 
30 The coordinates of the point to be represented 

as a function of the three tristimulus values (X, Y, Z) 
are converted into coordinates U„ y.) in the chromaticity 
diagram. 

We determine which primaries have to be driven 
35 in order to represent the points U«, y t ) , (x 3t y.j and U«, y.) 
on the display system. 

The location of the point U„ >\) to be repre- 
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sented is compared with the location of the first 
auxiliary primary Dl with respect to the principal 
straight line RG associated with Dl , by the coordinates 
of the two points being substituted into the equation of 
5 the straight line RG and comparing the signs of the two 
results. 

The two points are located on the same side of 
RG (the signs of the two results are identical), and the 
point yA to be represented is displayed on the 

10 display system with the aid of the display primaries R, 
G and Dl . 

In order to display the point (x St y,) to be 
represented on the display system, the location of this 
point is compared with the location of the first 

15 auxiliary primary Dl with respect to the principal 
straight line RG associated with Dl . Both points are 
located on different sides of said principal straight 
line RG (the signs of the results of the substitution of 
the coordinates of the two points to' be compared into 

20 the equation of the straight line RG differ) , and Dl is 
not the last (n-3rd = 2nd) auxiliary primary which was 
used for the comparison. Consequently, the location of 
the point (*„>•,) to be represented is then compared with 
the location of the next auxiliary primary D2 , 

2 5 specifically with respect to the principal straight line 

GB associated with that auxiliary primary D2 . Both 
points are located on the same side of the principal 
straight line GB (the signs of the results of the 
substitution of the coordinates of the two points to be 
30 compared into the equation of the straight line GB are 
identical) , and the point [x Sl y t ) to be represented is 
displayed with the aid of the display primaries G, B and 
D2. 

In order to display the point U«, .VJ to be 

3 5 represented on the display system, the same method used 

as described above for displaying the point (x s , y 3 ) to be 
represented, as far as the comparison of the location of 
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the point (x,, yj to be represented with the auxiliary 
primary D2 . Now, the two points are located on different 
sides of the principal straight line GB under 
consideration (the signs of the results of substituting 
5 the coordinates of the two points to be compared into 
the equation of the straight line GB are different) . No 
auxiliary primaries not yet considered remain, so the 
point (x« t y 6 ) to be represented is displayed on the 
display system with the aid of the display primaries R, 
10 G and B. 

The drive signals for B and Dl are mutually 
exclusive, as are those for R and D2 . 

Three channels are at our disposal for trans- 
mitting the signals to the display system. The mutually 
15 exclusive drive signals for B and Dl are combined on one 
channel, and , the mutually exclusive drive signals for R 
and D2 are combined on another channel. The third 
channel is used exclusively for accommodating the drive 
signal for G. 

20 

Case n = 5, k = 4 

As in the previous case, we move from a system 
comprising three tristimulus values (X, Y, Z) to a 

2 5 system comprising five display primaries. Now, however, 

the drive signals can be coded on four channels. 

[n/k) = [5/4] = 1, i.e. each of the four 
channels, in the process of coding, carries at least one 
signal for one display primary. 

3 0 (n mod k) = (5 mod 4) =1, i.e. one of the four 

channels carries two display primaries. 

k-3 = 4- 3 = l, i.e. one auxiliary primary is 
coded on a separate channel. 

The method for determining which display 
35 primaries have to be driven for a particular pixel to be 
represented is precisely the same as that discussed in 
the previous case (n = 5, k = 3), except that the drive 
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signals for the various display primaries are combined 
in a different manner. 

Again, the display primaries B and Dl, and R and 
D2, respectively, are mutually exclusive. One of the two 
auxiliary primaries Dl or D2 is put on a separate 
channel . In the first case (auxiliary primary Dl on a 
-separate— channel- )~ — t-he~-principad^primari-es~B^a"nd~G _ ~a"re~ 
each put on a separate channel, and the drive signals 
for R and D2 are combined on one channel. In the second 
case (auxiliary primary D2 on a separate channel), the 
principal primaries R and G are each put on a separate 
channel, and the drive signals for B and Dl are combined 
on one channel . 



Case n = 6, k = 3 (Figure 5) 



We move from a system comprising three tri- 
stimulus values (X, Y, z) to a system comprising six 
display primaries. The drive signals can be coded on 
three channels. 

[n/k] = [6/3] = 2, i.e. each of the three 
channels, in the process of coding, carries signals for 
at least two display primaries. 

(n mod k) = (6 mod 3) = 0, i.e. none of the 
channels, in the process of coding, carries signals for 
more than two display primaries. 

In the CIE chromaticity diagram, the location of 
the six display primaries R, G, B, Dl, D2 and D3 can be 
found. The colour gamut of a display system comprising 
these six display primaries R, G, B, Dl , D2 and D3 is 
given by all the points within the convex hexagon 
RD1GD2BD3 . 

From the six display primaries, three principal 
primaries R, G and B are chosen. The other three (= n-3) 
primaries are the auxiliary primaries Dl , D2 and D3 . 
Main and auxiliary primaries are chosen in such a way 
that exactly one auxiliary primary is located between 
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two principal primaries. Dl is therefore located between 
R and G, D2 is located between G and B and D3 is located 
between B and R. 

The straight lines RG, GB and BR are called 
principal straight lines. RG is associated with Dl, GB 
is associated with D2 and BR is associated with D3 . 

T j^ e p roc ess of ""determining ~whi~ch primaries have 
to be driven in order to represent a point having 
coordinates (x. y t ) is carried out analogously to what has 
been described in the previously elaborated cases. 

In this case, the drive signals for R and D2 are 
mutually exclusive, as are those for G and D3 and those 
for B and Dl. Since exactly two drive signals are to be 
combined on each channel, there will in each case be two 
mutually exclusive signals per channel which are 
transmitted to the display system. 

Instead of the drive signals being multiplexed 
in the amplitude domain, they can also be multiplexed in 
the time domain. A first raster is formed by the drive 
signals of the principal primaries R, G and B, and a 
second raster is formed by the drive signals of the 
auxiliary primaries Dl, D2 and D3 . Both pictures are 
generated at the double vertical frequency. 

Case n = 6, k = 4 

As in the previous case, we move from a system 
comprising three tristimulus values (X, Y, Z) to a 
system comprising six display primaries. The drive 
signals can now be coded on four channels. 

[n/k] = [6/4] = 1, i.e. each of the four 
channels, in the process of coding, carries signals for 
at least one display primary. 

(n mod k) = (6 mod 4) = 2, i.e. two of the four 
channels, in the process of coding, carry signals for 
more than one display primary. 

k - 3 = 4 - 3 = 1, i.e. one auxiliary primary 
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will be transmitted on a separate channel. 

The method for determining which display 
primaries have to be driven in order to display a point 
(x h yi) to be represented on the display system, proceeds 
5 in exactly the same way as in the previous case. Only 
the coding on the various channels is carried out in a 

dif f erent" wayr" 

Each of the principal primaries R, G and B is 
put on a channel, as is one of the auxiliary primaries 
10 Dl, D2 or D3. Assuming that auxiliary primary Dl is put 
on a separate channel, the remaining two auxiliary 
primaries D2 and D3 are combined with the signal with 
which they are mutually exclusive (i.e. D2 with R and D3 
with G) . Obviously it is also possible for one of the 
15 other auxiliary primaries to be put on a separate 
channel, which then results in combinations of other 
mutually exclusive primaries. 

Case n = 8, k = 3 (Figure 6) 

20 

Starting from a system comprising three tri- 
stimulus values (X, Y, Z) , we move to a system 
comprising eight display primaries. The coded signals 
are transmitted via three channels. 
25 [n/k] = [8/3] = 2, i.e. each of the three 

channels, in the process of coding, carries signals for 
at least two display primaries. 

(n mod k) = (8 mod 3) = 2, i.e. two of the three 
channels, in the process of coding, carry signals for 
30 three display primaries. 

k - 3 = 0, i.e. not a single auxiliary primary 
is coded on a separate channel. 

In the CIE chromaticity diagram, the location 
for the eight display primaries R, G, B, Dl , D2 , D3 , D4 
3 5 and D5 can be found. The colour gamut of a display 
system comprising these eight display primaries is given 
by all the points within the convex octagon 
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RD1D4GD2D5BD3 . 

From the eight display primaries, three princi- 
pal primaries R , G and B are chosen, preferably in such 
a way that the locations of auxiliary primaries, these 
being the remaining display primaries Dl to D5 , are 
distributed as evenly as possible between the principal 
primaries. Dl and D4 are"Tocated~betweeh R and G, D2 and" 
D5 between G and B, and D3 is located between B and R. 

RG is the principal straight line associated 
with the auxiliary primaries Dl and D4 , GB is the 
principal straight line associated with the auxiliary 
primaries D2 and D5 , and BR is the principal straight 
line associated with the auxiliary primary D3 . 

The coordinates of the point to be represented 
as a function of the three tristimulus values (X, Y , Z) 
are converted into coordinates (x h y>) in the chromaticity 
diagram. 

Let us consider the case of a point (jr„ >•,) to be 
represented . 

The location of said point (x 7 , y,) to be represen- 
ted is compared with the location of the first auxiliary 
primary Dl with respect to the principal straight line 
RG associated with Dl . 

The two points are located on different sides of 
RG, i.e. the point {x 7t y?) to be represented is compared 
with the location of the next auxiliary primary D4 with 
respect to the principal straight line RG associated 
with D4 . Again, the two points are on different sides, 
i.e. we move on to a next auxiliary primary not as yet 
dealt with. The result is the same, even in the case of 
comparison, with the location of D2 and D5 , but changes 
with auxiliary primary D3 . 

The two points (Jtf,>'>) and D3 are on the same side 
of the principal straight line BR associated with the 
auxiliary primary D3 . The point [x?, y?) to be represented 
is displayed on the display system with the aid of the 
display primaries B, R and D3 . 
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The procedures for determining which display 
primaries have to be driven in order to display the 
point (Xs, y$) to be represented on the display system is 
as follows. 

5 The location of the point (x 4 , y$) to be represen- 

ted is compared with the location of the auxiliary 

p r imary — D 1— wi t h — res pec t — to - t he - "p r inc ipa 1 s trr^ightr - Tine" 

RG associated with Dl . The two points are located on the 
same side of said principal straight line RG, and the 

10 principal straight line RG is associated not only with 
the auxiliary primary Dl, but also with auxiliary 
primary D4 . Consequently, the display primaries R, G, Dl 
and D4 will be regarded as a subsystem. 

This subsystem now comprises four display 

15 primaries (new n=4). Two of these are the principal 
primaries G and R. From the other two display primaries 
Dl and D4 we choose a third principal primary. for 
example D4 . Dl is then the only auxiliary primary of 
this subsystem which, as its principal straight lines, 

20 has RD4, D4G and GR. The principal straight line 
associated with Dl in this subsystem is the straight 
line RD4 . 

The location of the point U„ >•«) to be represen- 
ted is compared with the location of auxiliary primary 

25 Dl with respect to the principal straight line RD4 
which, in this subsystem, is associated with auxiliary 
primary Dl , The two points are located on different 
sides, and Dl is the only auxiliary primary of this 
subsystem (Dl therefore was the last auxiliary primary 

30 with which a comparison had to be carried out in this 
subsystem) , and consequently the point U„ y,) to be 
represented is displayed on the display system with the 
aid of the three principal primaries R, G and D4 of the 
subsystem. 

35 Determining which display primaries are mutually 

exclusive and should therefore be combined on the 
various channels, depends on the choice of the new 
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principal primaries in the respective subsystems. If, in 

the first subsystem GRD1D4, the auxiliar-y primary D4 is 

chosen as the new principal primary, and in the 

subsystem BGD2D5 the auxiliary primary D5 is chosen as 
5 the new principal primary/ then the drive signals for R 

and D5 are mutually exclusive, as are those for G, Dl 

and D3T~~arKTThose for B, ' D2~~ancT~D4~ 

In order to combine three signals on one 

channel, two drive thresholds THl and TH2 are intro- 
10 duced, as a result of which the channel is split into 

three parts. Each part has a drive signal allocated to 

it (see Figure 7a). 

A preferred embodiment is that in which the 

signals are combined, on a channel, alternately in 
15 inverted and non-inverted form (see Figure 7b) , so that 

abrupt colour transitions are avoided as far as 

possible. 

Figure 8 shows an embodiment comprising both a 
coding device and a display system according to case 

20 n = 4, k = 3 discussed hereinabove. The coding device 
comprises a calculating means CALC, a multiplexer MUX 
and three channels 10, 11, 12 for transmitting the 
picture as a function of the four display primaries R, 
G, B, Dl to the display device. The coding device 

25 receives a signal which describes a picture as a 
function of three tristimulus values X, Y, Z, and 
produces a signal which discribes the same picture as a 
function of the four independent display primaries 
R, G, B, and Dl in the calculating means CALC. Said 

30 signal is coded on the three channels 10, 11, 12 of the 
coding device by means of the multiplexer MUX. 

As discussed in case n = 4, k = 3 hereinabove, 
preferably each of the three channels 10, 11, 12 
carries at least one signal for one display primary R, 

35 G, B or Dl ; and one of the three channels carries 
signals for two display primaries. For example the drive 
signals for the display primaries G and B are carried by 
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the channels 11 and 12 respectively, while the drive 
signals for the display primaries R and Dl, both being 
mutually exclusive, are carried by channel 10. 

In order to obtain this, the drive signals for 
the display primaries R and Dl are combined in the 
amplitude domain by means of the multiplexer MUX . 

The— display— device — comprises — an — input— circuit— 

which receives the signals coming from the three 
channels 10, 11, 12 and one splitter circuit for 
splitting the combined input signal coming from channel 
10 in its components R and Dl . 

The signals thus obtained in the display device 
are the drive signals for each of the four display 
primaries R, G, B and Dl . In the display screen these 
four drive signals drive the four display primaries as 
known in the art for driving display primaries, by means 
of electric to optic converters and optical channels. 

Figure 9 represents a part of the coding device, 
as well as a part of the display device. In the coding 
device drive signals for the five display primaries R, 
G, B, Dl and D2 have been calculated. For example again 
the display primaries R and D2 are mutually exclusive. 
This time the drive signals for the display primaries R 
and D2 are combined in the time domain. The multiplexer 
MUX is driven by a control signal having a frequency 
Vfreq being higher than the picture repetition rate in 
order to combine the drive signals for the display 
primaries R and D2 in the time domain without loss of 
information. These combined signals are then transmitted 
to the display device, where a demultiplexing system 
DEMUX again splits the information into drive signals 
for each of the display primaries R, G , B, Dl and D2 . 

Figure 10 shows part of a coding device for the 
case where there are five display primaries R, G, B, Dl 
and D2, and only three channels 14, 15 and 16. In the 
calculating means (not represented) drive signals for 
the five display primaries have been calculated for a 
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colour, starting from the three tristimulus values for 
that colour. There are only three channels 14, 15, 16 , 
thus as discussed in case n = 5, k = 3 hereinabove 
preferably each channel carries at least one drive 
signal for one display primary, and two of the three 
channels carry two display primaries each. If, as shown 
— in— Fi-gur e— 4~— the— d-i spiay--pr-imar-i-es-~B--and— D-l-7— and-- R— and— 
D2 are mutually exclusive, the drive signals for said 
mutually exclusive signals can be carried by one 
channel. In Figure 10 is represented an embodiment with 
two multiplexers MUX1 , MUX2 . The drive signals for 
display primaries B and Dl are combined by means of a 
first multiplexer MUX1 to a combined signal carried by 
channel 14, while the drive signals for display 
primaries R and D2 are combined by means of a second 
multiplexer MUX2 to a combined signal carried by channel 
14. The remaining drive signal for display primary G is 
carried all alone by channel 16. 

Figure 11 shows a calculating means of a coding 
device in more detail. Said calculating means comprises 
conversion means CONVERSION, selection means SELECTION 
and drive-calculating means DRIVE CALCULATION. 

The conversion means CONVERSION convert the 
coordinates of each color point in function of the three 
tristimulus values X, Y, Z into coordinates (jc/, y,-) in the 
chroma ticity diagram as explained hereinabove. 

The selection means SELECTION selects for each 
point in the chromaticity diagram the display primaries' 
which will represent the color point. The output of the 
selection means is a set of three display primaries a, 
p, y to be driven in order to represent the color. Said 
set of three display primaries may be any combination of 
the display primaries R, G, B, Dl , and D2 . The selection 
itself is carried out by comparison of the location of 
the color point in the chromaticity diagram with respect 
to a straight line in said chromaticity diagram, said 
comparison being used either to calculate on-the-fly the 
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drive signals for the display primaries, or to fill a 
LUT containing for each colour point the display 
primaries which need be driven for representing said 
colour . 

5 The drive-calculating means DRIVE CALCULATION 

calculates the drive signals for each display primary. 

Said- - drive- calculating— means- - DRIVE- CALCULATION— receives- - 

as input the coordinates (jc„ y { ) of the colour point in 
the chromaticity diagram and the output a, p, y of the 

10 selection means SELECTION. The drive-calculating means 
DRIVE CALCULATION then calculates the values of the 
drive signals for each of the display primaries a, p, y 
to be driven in order to represent the color. 
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1. Method for coding a signal which describes a 
picture as a function of three tristimulus values (X, Y, 
Z) , to produce a signal which describes the picture as a 
function of n independent display primaries (R, G, B, 
Dl~ 7TTT" Dn-3~K wTth"" n~ >~3~; " the" Tne t:hod being charac- 
terized in that, for each colour to be represented, 
drive signals for the display primaries (R, G, B, Dl , 

. Dn-3) are calculated via a comparison of the 

location of that colour with respect to a straight line 
in the chromaticity diagram, and in that a number of 
said drive signals are mutually exclusive. 

2. Method according to Claim 1, characterized in 
that there are k channels for transmitting the picture 
as a function of the n display primaries (R , G, B, Dl , 
. Dn-3) to a display system, where k < n. 

3. Method according to Claim 2, where k < n, 
characterized in that there is at least one channel on 
which mutually exclusive signals for driving different 
display primaries are combined by multiplexing in the 
time domain. 

4. Method according to Claim 3, characterized in 
that the drive signals for the n display primaries (R, 
G, B, Dl , Dn-3) are at least two rasters which are 
generated at a higher vertical frequency. 

5. Method according to Claim 3, characterized in 
that multiplexing is carried out by mutually exclusive 
successive signals being multiplexed during successive 
vertical syncs. 

6. Method according to Claim 2, where k < n, 
characterized in that there is at least one channel on 
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which mutually exclusive signals for driving different 
display primaries are combined by multiplexing in the 
amplitude domain. 

5 7. Method according to Claim 6, characterized in 

that the minimum number of display primaries coded per 
channel "is g iven by" " [ nV k~]~ and i~h t ha <r~ the number of" 
channels which carries one display primary more than the 
minimum number is given by (n mod k) . 

10 

8. Method according to Claim 6, characterized in 

that the process of combining p mutually exclusive 
signals on one channel in order to drive p different 
display primaries is carried out by splitting the total 
15 range of the signal on that channel into p parts by 
introducing p-1 drive thresholds (TH1, TH2 ) and each 
part being allocated to one of the mutually exclusive 
signals . 

20 9. Method according to Claim 6, characterized in 

that mutually exclusive signals are combined on the same 
channel so as to cause either two maximum or two minimum 
drive signals of two display primaries to coincide at a 
drive threshold. 

25 

10. Method according to Claim 6, characterized in 
that the process of combining p mutually exclusive 
signals on one channel to drive p different display 
primaries is carried out by digital coding. 

30 

11. Method according to Claim 10, characterized in 
that at least one bit is reserved for the identification 
of at least one of the mutually exclusive signals. 

35 12. Method according to any one of the preceding 

claims, characterized by the following steps: 
a) from the n display primaries, three principal 
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primaries (R, G, B) are chosen, the remaining (n-3) 
display primaries being referred .to as the auxiliary 
primaries (Dl, ...r D5), 

b) three principal straight lines (RG, GB, BR) are 
defined, being the straight lines which pass through 
two of the principal primaries (R, G, B) at a time; 
a principal straight line is associated with an 
auxiliary primary (Dl; D5) if said auxiliary 
primary (Dl; ...; D5 ) and the intersection (B; R; G) 
of the two other principal straight lines are each 
situated on different sides of the principal 
straight line under consideration (RG; GB; BR), 

c) the coordinates of the point to be represented as a 
function of the three tristimulus values (X, Y # Z) 
are converted into coordinates Uv, y>) in the 
chromaticity diagram, 

d) the position of the point Uf.jy,) to be represented is 
compared with the position of an as yet unconsidered 
auxiliary primary (Dl; ...; D5) with respect to the 
principal straight line which is associated with 
said auxiliary primary (Dl; . . . ; D5) , 

e) if both are situated on different sides of the 
principal straight line under consideration (RG; GB; 
BR), and if said auxiliary primary (Dl; ...; D5) was 
not the (n-3)th with which the comparison was being 
performed, the procedure returns to step d) , 

f) if both are situated on different sides of the 
principal straight line under consideration (RG; GB; 
BR) , and if the auxiliary primary under 
consideration (Dl; . ..; D5) was the (n-3)th with 
which the comparison was being performed, the point 

Ui, y,) to be represented is represented by the three 
principal primaries <R, G, B) , and the procedure 
then moves to step j ) , 

g) if the point Ui, y t ) to be represented is located on 
the principal straight line (RG; GB; BR) , it is 
represented by the three principal primaries (R, G, 
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i) 

15 



20 



25 



B) , and the procedure then moves to step j ) , 
if the auxiliary primary (Dl; D5) under 

consideration and the point (x it y,) to be represented 
are both located on the same side of the principal 
straight line (RG; GB; BR) under consideration, and 
if only one auxiliary primary (Dl; D2 ; D3 ) is 
associated~wi~tfi~the ~prTnc i pa 1 straight Rne ( RG ; GB ; 
BR) , the point (x if y,) to be represented is 
represented by the auxiliary primary (Dl; D2 ; D3 ) 
and the two principal primaries (R and G; G and B; B 
and R) which define the principal straight line (RG; 
GB; BR) under consideration, and the procedure then 
moves to step j ) , 

if the auxiliary primary (Dl; D2 ; D3) under consi- 
deration and the point (JC/ r y,} to be represented are 
both located on the same side of the principal 
straight line (RG; GB; BR) under consideration, and 
if a plurality of auxiliary primaries (Dl and D4 ; D2 
and D5) are associated with the principal straight 
line under consideration, the two principal 
primaries (R and G; G and B) which define the 
principal straight line (RG; GB) and the various 
auxiliary primaries (Dl and D4 ; D2 and D5 ) which are 
associated with said principal straight line (RG; 
GB) , are regarded as a subsystem (GRD1D4; BGD2D5 ) ; 
from the various auxiliary primaries (Dl and D4 ; D2 
and D5) a new principal primary (D4; D5 ) is chosen, 
a new n is introduced, being the number of primaries 
which form part of the subsystem (GRD1D4; BGD2D5), 
whereupon step b) is again applied to the primaries 
of this subsystem, 

if (n - k) > 0, mutually exclusive signals are 
multiplexed. 



35 



13. Method according to Claim 12, characterized in 

that the choice of the principal primaries (R, G , B) is 
carried out in such a way that the locations of the 
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auxiliary primaries (Dl, Dn-3) are distributed as 

evenly as possible between the principal primaries (R, 
G, B) . 

14. Method according to Claim 12, characterized in 
that step a) is preceded by "out-of -gamut " colours being 
mapped onto the edge of the convex polygon formed by the 
n display primaries (R, G, B, .Dl, Dn-3). 

15. Method according to any one of Claims 2 to 14, 
characterized in that, after coding, the resulting 
signals are transmitted to a display system via the k 
channels, where they are split in order to drive each of 
the separate display primaries (R, G, B, Dl , Dn-3). 

16. A coding device for coding a signal which 
describes a picture as a function of three tristimulus 
values (X, Y , Z) , to produce a signal which describes 
the picture as a function of n independent display 
primaries (R, G, B, Dl , Dn-3), with n > 3, the 
device being characterized in that it comprises 

- calculating means for calculating, for each colour to 
be represented given as a function of three tristimulus 
values (X, Y , Z) , drive signals for the display 
primaries ( R , G, B, Dl , Dn-3) thereby using a 
comparison of the location of that colour with respect 
to a straight line in the chromaticity diagram, said 
calculating means delivering said drive signals, a 
number of which are mutually exclusive, and 

- k channels for transmitting the picture as a function 
of the n display primaries (R, G, B, Dl , Dn-3) to a 
display system. 

17. Coding device according to Claim 16, 

characterized in that the number of channels for 
transmitting the picture as a function of the n display 
primaries <R, G , B, Dl, Dn-3) to a display system, 
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does not exceed the number of drive signals for the 
display primaries. 

18. Coding device according to Claim 17, where 

5 k < n, characterized in that it furthermore comprises at 

least one m u ltiplexe r f o r co mbining in the time domain 

mutually exclusive signals for driving different display 
primaries . 

10 19. Coding device according to Claim 18, 

characterized in that the mult iplexer ( s ) is (are) driven 
by control signals having a frequency which is higher 
than the picture repetition rate, 

15 20. Coding device according to Claim 18, 

characterized in that the multiplexer ( s ) combine(s) 
mutually exclusive signals, said multiplexer or 
multiplexers being driven by successive vertical syncs. 

20 21. Coding device according to Claim 17, where 

k < n, characterized in that it comprises furthermore at 
least one multiplexer for combining in the amplitude 
domain mutually exclusive signals for driving different 
display primaries. 

25 

22. Coding device according to Claim 21, whereby a 
multiplexer combines p mutually exclusive signals on one 
channel, the coding device being characterized in that 
it comprises 

30 - splitting means for splitting the total range of the 
signal on that channel into p parts by introducing p-1 
drive thresholds, and 

allocating means for allocating each part of the 
channel to one of the mutually exclusive signals 

35 

23. Coding device according to either Claim 21 or 
22, characterized in that it comprises inverting means 
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for causing either two maximum or two minimum drive 
signals of two mutually exclusive drive signals of two 
display primaries to coincide at a drive threshold. 

5 24. Coding device according to either Claim 21 or 

22, characterized in that the multiplexer is a digital 
multiplexer. 

25. Coding device according to Claim 24, 

10 characterized in that it comprises identification means 
for identifying the mutually exclusive signals by 
identifying codes, said identifying codes being 
multiplexed into the drive signal. 

15 26. Coding device according to any of claims 16 to 

25, characterised in that the calculating means 
comprises 

- conversion means for converting the coordinates of 
each color point in function of the three tristimulus 

20 values (X, Y, Z) into coordinates (x it y>) in the 
chromatid ty diagram, 

- selection means for selecting for each point in the 
chromaticity diagram the display primaries which will 
represent the color point, said selection being carried 

25 out by comparison of the location of the color point in 
the chromaticity diagram with respect to a straight line 
in said chromaticity diagram, said comparison being used 
either to calculate on-the-fly the drive signals for the 
display primaries, or to fill a LUT containing for each 

30 colour point the display primaries which need be driven 
for representing said colour, and 

- drive-calculating means for calculating the drive 
signals for each display primary, said drive-calculating 
means receiving as input the coordinates U,-, y,0 of the 

35 color point in the chromaticity diagram and the output 
of the selection means. 
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27. Coding device according to Claim 26, 

characterized in that it comprises mapping means for 
mapping "out-of -gamut " colours onto the edge of the 
convex polygon formed by the n display primaries (R, G, 
5 B, Dl, Dn-3) in the chromaticity diagram. 



28. Display device comprising n display primaries, 
n > 3, suitable for receiving signals which are combined 
on one channel, provided with 

10 • an input circuit for receiving input signals, 

coded in the form of combined signals for driving n 
display primaries, 

• one or more splitter circuits for splitting 
the combined input signals into their components, thus 

15 forming n drive signals for driving the n different 
display primaries, 

• a display screen for representing a picture, 
making use of the n drive signals coming from the 
splitter- circuit (s) for driving the n different display 

20 primaries . 

29. Display device according to Claim 28, charac- 
terized in that the splitter circuits are circuits which 
clip the combined signals to the drive threshold. 

25 

30. Display device comprising n primaries, n > 3, 
suitable for receiving t ime-mul t iplexed signals, 
provided with 

• an input circuit for receiving input signals 
30 coded in the form of time-multiplexed signals for 

driving n display primaries, 

• a demultiplexing system which again splits the 
information into drive signals for each of the different 
display primaries , 

35 • a display screen for representing a picture, 

making use of the n drive signals for each of the 
display primaries, coming from the demultiplexing 
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system. 

31. Display device according to Claim 30, charac- 
terized in that the demultiplexing system demultiplexes 

5 mutually exclusive successive signals during successive 
vertical syncs. 

32. Display device according to any one of Claims 28 
to 31, characterized in that it is provided with a wide 

0 gamut switch for switching between a standard colour 
display with three display primaries and a display 
system using n display primaries. 




Fig. 2 



WO 97/42770 



PCT/BE97/00057 



2/5 



0 

I 

min. sign. 



V max. 
—I 



max. sign. 



o- 

h 



min. R 



_TH1_ 

H 



max. R min D 



V max. 



1 

max. D 



c. 



0 



max. R 
max. light 



TH1 



min. R min. D 
min. light 

Fig. 3 



V max. 

1 

max. D 
max. light 




700 nm 



Fig. 4 



WO 97/42770 



PCT/BE97/00057 




WO 97/42770 




PCT/BE97/00057 



0 TH1 TH2 Vmax. 
a. |— 1 (- i , 

— min-sign.-1 max.- sign.- 1 max-sign- 2- maxT-sign-3- 

min. sign. 2 min. sign. 3 



0 

I 

min. sign. 1 



TH1 

1 

max. sign. 1 
max. sign. 2 



TH2 
1 

min. sign. 2 
min. sign. 3 



V max. 
1 

max. sign. 3 



0 

I 

max. sign.1 



TH1 
— I — 



min. sign. 1 
min. sign. 2 



TH2 



max. sign. 2 
max. sign. 3 



V max. 



1 

min. sign. 3 



Fig. 



7 



WO 97/42770 



PCT/BE97/00057 



5/5 



CODING DEVICE 



DISPLAY DEVICE 



CALC 



MUX 



10 



11 



12. 



SPLITTER 



"INPUT 
CIRCUIT 



Fig. 8 



D1 



ELECTRIC 




OPTICAL 


TO OPTIC 




CHANNEL 


CONVERTER 




R 














ELECTRIC 




OPTICAL 


TO OPTIC 




CHANNEL 


CONVERTER 




B 



CODING DEVICE 



R 



D1 



Fig. 9 



MUX 



DISPLAY DEVICE 



10 





11 






12 






13 





DEMUX 



D1 




D2 



B 




MUX1 






D1 







14 



MUX2 



15 



16 



Fig. 10 



CALCULATING MEANS 



Z 



CONVERSION 



SELECTION 



Fig. 11 



DRIVE 
CALCULATION 



A A 



INTERNA 



AL SEARCH REPORT 



Intcr^^^H Application No 

PC^R 97/G8057 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H04N11/G0 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 H04N 



Documentation searched other than minimum documentation to the extent that such documents arc included m the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



BE 532 363 A (D. A. RUDATIS) 30 October 
1954 



see page 


7, 


line 40 - 


page 9, li 


ne 45 


see page 


14, 


line 40 


- page 15, 


line 31 


see page 


20, 


line 21 


- page 21, 


line 6 


US 2 819 


336 


A (P. J. 


HERBST) 7 


January 


1958 








see column 1 


, line 54 


- line 68 





US 3 689 689 A (F. WEITZSCH) 5 September 
1972 

see column 4, line 62 - column 5, line 13 

EP 0 741 490 A (AGFA-GEVAERT) 6 November 
1996 

see the whole document 



1,16 
28,30 

28,30 
14,27 
1,16 



□ 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



' Special categories of cited documents 
'A 
E- 
V 



document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international 
filing date 

document which may throw doubts on priority daimfs) or 
which is died to establish the publication date of another 
citation or other special reason (as specified) 
document referring to an oral disclosure, use, exhibition or 



"P* document published prior to the international filing date but 
later than the priority date claimed 



*T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X' document of particular relevance; the claimed invent on 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

7 July 1997 



Date of mailing of the international search report 

18.07.97 



Name and mailing address of the ISA 

European Patent Office, P.B. 58 1 8 Patenttaan 2 
NL - 2280 HV Rijswijk 
Tel. 31-70) 340-2040, Tx. 31 651 epo ni. 
Fax ( + 31-70) 34O-30I6 



Authorised officer 



De Roeck, A 



Form PCT/ISA'210 <«econd sheet) (July 1993) 



INTERNATION 

Infc 



• 



SEARCH REPORT 

on patent family members 



Interr. 

PCT/B' 



ication No 

/00057 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


BE 532363 A 




FR 


1144105 


A 


09-10-57 




GB 


777969 


A 








NL 


191316 


A 





US 


2819336 


A 


07-01-58 


NONE 






US 


3689689 


A 


05-09-72 


DE 1911686 
CA 938022 
FR 2034746 


A 
A 
A 


17-09-70 
04-12-73 
11-12-70 










GB 1300781 


A 


20-12-72 " 


EP 


741490 


A 


06-11-96 


JP 8314125 


A 


29-11-96 



Form PCT/1S A/210 (pitwil family «nr»«) (Jury 1*92) 



